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HOECHST AKTI ENGESELLSCHAFT HOE 84/F 293 Dr. HE / F r 

Process for the prepara tion of a m i no a Ik y I p h o s p h on i c and 

of C^-aminoaUylphosphinu acids 

The invention relates to a process for the preparation of 
O^-aminoalkylphosphonic and of rX-aminoa Ikylphosphini c 
5 acids of the formula I 



OH 



where n * 1 o r 0, 



10 



R 1 = H, CH 3 or ch^-C^, and 
R 2 ■ H (for n * 1 ) and also 
= alkyl or phenyl (for n * 0). 



For n = 1 CX-aminoalkylphosphonic acids are represented, 
and for n = 0 0<T-ami noa I k y Iphosph i n i c acids. 

Some of the compounds are biologically active such as, for 
example, ami nomethylphosphoni c acid 

0 

15 (H0) 2 J>-CH 2 NH 2 

which is known to have a herbicidal and plant-growth regu- 
lating activity; some of the compounds nay also be pro- 
cessed further to form biologically active substances (cf. 
the article by L. Haier entitled "Advances in the Chemistry 
of Aminophosphinic Acids" in the journal "Phosphorus and 
Sulfur", 1983, Vol. 14, pages 295-322, in particular 317- 
320). Although this article is mainly concerned with 
aminophosphinic acids (as is already evident from the title), 
25 nevertheless a m i n op h o s p h on i c acids are also dealt within 
it. 

For this reason part A (Preparation of aminophosphinic 



20 



10 



1 5 



20 
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acids) on pages 296-313 of this article describes not only 
a number of known processes for the oreparatlon of amino- 
ohosphinic acids, but also various methods for the pre- 
paration of ami'nophosphoni c acids. In principle the com- 
pounds with the above formula I can also be obtained by 
this process. 

A method not included in those quoted In the said article 
is the method described in the paper by H. Soroka and 
P. Mastalerz "Hofmann Degradation and Bromination of Amides 
derived from P h o s p h o n o a c e t i c Acid" (Tetrahedron Letters 
No. 52, pages 5201-5202, 1973) for the preparation of some 
special tt-aminoalkylphosphonic acids by Hofmann degrad- 
ation and acidic hydrolysis of the esters of various phos- 
Phonoca rboxy I i c acid amides. 

By the Hofmann degradation c a rboxy I 1 c acid amides can be 
converted into the amines with one C atom less by treat- 
ment with chlorine or bromine in an alkaline medium (in 
which the corresponding h y p o h a I o g en 1 t e s are formed) (cf., 
for example. Organic Reactions 3 (1946), page 267 ff.„ 
"The Hofmann Reaction", in particular page 268); the'fol- 
lowing reaction equation 1s specified for the Hofmann de- 
gradation (with bromine as the halogen): 

HC0KH 2 + Br 2 + 40JT-* F-KH 2 + CO^' + 2 Br~ + 2H 2 0 

(R « organic radical) 

The Hofmann degradation reactions described in the paper 
by n. Soroka and P. Hastaler* at the place cited above may 
be represented by the following system of formulae: 

Hofmann degradation 
0 C 2 H 5 with NaOBr, 2N NaOH, 0°C, 0 C ? H- 

a) C 2 H 5 0-P-CH-C0NH 2 then 0.5 hour at 70°c ^ H0-P-CH-NH 

2) Concentrated HCl, reflux 
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fc J C 2 H 5°-^CK-C0NH 2 

Ac 2 h 5 



9 c fiHc 
OH 



Th ' °< the «.r, MB .„ dlB| ^- m< no,l kylDhosDhonic 

- ' ^ th, ' S »»• ^ be . roo nd 70 to BOX of 

th f theoretical yield. 



he c.to. u„ keo to the phosphorus u not 
o $ sobstltoted by other groocs ^ Dhosohonec 

« - der v.t,ves <,nd virtu8tly no Mo„„. ff(e amines) 

.1 ^ Hofmann degradation with 

O C 2 H 5 0-P-CH 2 -C0NH 2 NaOBr, ? „ Na OH . 0 



0C 2 R 5 



70°C 



2) 



Hydrolysis 



9 o 



If 2 



2 5 0C 2 H 5 

;:' °' - - «.« ... on. .„, 



... ........ .,.,.„ ..,„..., >..,,,,>,,..„,,,,,„,,:,;;:„;;, 



0 
'I 



C 2 H 5 0-P-CBr 2 -C0NK 2 



0C 2 H 5 



* said to be up to ?SX m 
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1) Hofmann degradation with 
f CH^ NaOBr, 2N NaOH, 0 - 70°C 

d) C 2 H s 0-P-tH-C0NK o 

-> . 2 » 

0C 2 H 5 2) Hydrolysis 



0 CH, 

1 I 2 



-> C 2 H 5 0-P-CBr-C00H 
OC 2 H 5 
( Yield: 70 *) 



0 CH ? -C A H C 
e) C 2 H 5 0-P-CH-COKK 2 



OC 2 H 5 



0 CJ'-C.H^ 
ti i 2 6 *5 



-» c 2 H 5 0-P-CBr-C0NH 2 
OC 2 H 5 
( Yield: 80 %) 



If the hydrolysis proceed, further, the phosphonic e.te 
groups in the products of reactions c>, d) and e) are 
of course also converted into the OH groups. 

As our own experiments have shown, even if the NaOBr i s 
replaced by KaOCl, virtually no halogen-free amine is 
produced in the reaction c ) mentioned above- 



„ 1 ) Hofmann degradation 

oHr'n P ru witn NaOCl 

0C 2 H 5 2) Hydrolysis with HCl 




2 -NH 2 



In an analogous manner the ethyl Caminocarbony Imethyl) 
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methy tphosphinate also falls to produce the theoretically 
ejected amine: 



0 

C 2 K 5 0-P-CH 2 -CONH p 
CK, 



1) Hofmann degradation 
with NauOC I . 

2) Hydrolysis with HCl 



0 
If 

HO-P, 



In the attempt to modify the reactions described by 
M. Soroka and P. Kastalerz in the cited place (shown above 
under c>, d) and e>) in a manner such that the normal 
halogen-free Hofmann degradation products (K -a m 1 no a I k y I - 
ohosphonic acids) are also produced with high yields in 
those reactions, and also in the attempt to extend these 
reactions if required in addition to other similar P-C 
compounds, it was then found that this object is achieved 
in a process wherein the starting point is not the esters 
of the corresponding ami noca rbony I a Iky Iphosphoni c acids 
CM. Soroka and P. Rastalerz in the above cited place!), 
but the respective ester salts. In the ami no c a r bony I a Ik y I - 
Phosphinic acid series the reaction can be achieved in a 
similar manner with aminocarbonyla Ikylphosphini c acid 
salts as starting compounds. 

The subject of the invention is therefore a process for x 
the preparation of c^-a mi no a I k y I p h os ph on i c and of C*-*mino- 
^Ikylphosphini c acids of the formula I 



0 R 
k 



R 2 -(0) n -P-CH-NH 2 (I ), 



where n 
R 



■ 1 or 0, 

* H , CH^ or CH 2 ~ C 6 H 5 * «ncJ 

2 *H (for n ■ 1) and also 
* alkyl or phenyl (for n « 0), 



V 
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wherein compound, of the formul. II 
0 Rj 

■ R 3" (0) n- f - - CONH 



where n and R 



+ 2 (II), 

0-MP + / p 



1 have the same meaning as In formula j f 



1 0 



R 3 » - tk y I (for n « 1), 
p+ - Ukyl or phenyl (for n - 0), and 
" * P-valent cation, 

•re subjected to . Hofmann degradation and the compound, 
of formula I .re obtained In the known manner. 

The yields of CX-amlno.Uylphosphonle and * -am 1 noa I k y I - 
Phosphinic acids of formula I .re In this case without ex- 
ception between about 70 and 90X of theoretical. Thi, i, 
extremely surprising ,,nce according to «. Sorok, and 
P. Mast. I, r* and also according to our own experiment, 
mentioned above ..inly halogen. ted phosphonic and phosphinl 
.c,d deriv.tives .nd virtually no normal halogen-free 
Hofmann degradation products (amine,) are obtained by 
Hof.ann degradation and acidic hydrolysi, of compound, of 
formula II in fully .Verified form. The relatively 
insignificant .odiflcatlon of the ftirt|nfl eo(Rpeonds (ejter 
-It, or ,.us instead of only the e.ter) did not 1n any 

.Uov the puite different re.ctlon (.ccordlng to th n - 

M on) to be expected. 

In formula II f 0 r the starting compounds 



R 



1 



Preferably stands for H or CH , and 



« 3 stands for a C^-C^ preferabl* . C -C a I .c y I 

radical, 1n particular only the C H radical (for 
n - 1) or a -C preferably . C f-C alkyl 

rad1cal(forn«0); k 
P ♦ ' 

« preferably stand, for Na* or K* (P- 1). 

30 for n - 1 i n the case of the compound, of formula II the 
ester ,al t , of am inocarbonylalkylpho, phonic acid, (II.) 
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«re ftprfsennd; 



0 R, 

R 3 0 - \ - CH - CONH- (II.) 
0~MP + / p 



5 



Tfl 'y can be obtain, a 1. 

"..^»".:.:^:;;..?;j;::::v- 0 :;,;;r»- 

saponification; partial 



(R3O) p + C2CH - CONH « ~ P ?1 



OR ? 



R 1 



R 3 0 - P - CH - CON" + - • VI 



0 R, 

- Na0H - R 3° - f - CH - CONH, -OH 

ONa ^ 



'3 



::r;*rr " - * •■« * 

R 3 " * - CH - C0KH 2 (lib) 

T"eir preparation at, 0 c.r rfeo out by kn<jun 

e-B- analoBousily to th. .k Processes, 
— r ,. ltf of .„ no ; b ab0 | Ve " ent<O " ed —P-.tlon of the 
•*inocarbonylpho»Dhon1c acid: 
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?1 0 R. 

1 A tt i 1 



R 3 P(OR 2 ) 2 + C1CH-C0NH 2 — > R 3 -p.i H -CONH 2 ♦ R C 1 



OR. 



0 R 



« 1 1 OR, 
R,->-CH-CONH. + NaOH * « 



10 



. 3 -r-u H -CONH 2 ♦ NaOH > R 3 -P-CH-CONH 2 ♦ R-OH 

0R 2 ONa 



The Hofmann degradation of the compounds of formula II (by 

" eln$ ° f chlor, " n ' or bromine/.lkaH hydroxide) i, carried 
out as is US ual and knoun fop tMf type of rttction 

Preferably the procedure i, that an alkaline hy poh a I og e n 1 t e 
solution Is first prepared by a reaction of chlorine or 
bromine in an .Ik.M hydroxide solution. The compound II 
is introduced into this solution either in solid form or 
«s an aaueous solution .t about 10 to 20°C . The halogen- 
alk.U hydroxide: compound II molar ratio is expediently 
•bout (1 to 1.2): about « to 6): .bout 1. 

After the addition of the compound II the temperature 1 s 
advantageously raised for about 30 to 90 minute,, prefer- 
ably about 30 to *0 minute,, to about 50 to 90°C, pre- 
ferably to about 60 to 75°c. 

The working up of the reaction ,olution obtained i, carried 
out in a manner known per se. For example, to Mb, rate 
the O^-aminoalkylphosphonic or cC- aminoalkylphosphini c 
-cid (I) reaction is carried out with acid,. ,„ the ea$e 
of the preparation of aminoalkylpho, phonic acid, (com- 

pounds of the formula I with n . 1> tM> i% eu f<jr 

-ample, by acidifying with hydrochloric acid and heating 
for about 2 to * hours at elevated temperature, preferably 
«t the boiling point of the reaction medium (reflux). 

25 oh?!" ° f PreDSr * t1 °" °< the K-alkyl.minophos- 

25 phinic acids (compounds of the formula I with n - 0) 



1 5 



20 
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•eidif ication is , lso carried out expediently with hydro- 
chloric acid, but in this case no heating is necessary. 

The isolation of end product I is then carried out (after 
the separation of the alkali halide also produced) by 
known methods. Preferably, the isolation i, carried out 
by concentrating the hydrochloric acid solution by evapor- 
ation and a reaction of the hydrochlorides obtained in alco- 
holic solution with ethylene oxide, propylene oxide or a 
weak organic base such as, for example, pyridine. 

The invention is now exptained in .ore detail by the fol- 
lowing examples. The invention examples (A) are followed 
by two further comparative examples (B> from which it 
evident that under the conditions of the Hofmann degra- 
dation virtually no a m i nom e t h aneph o s ph on i c acid or amino- 
-ethyt methylohosphinic acid is produced from diethyl amino- 
carbonylmethylphosphonate and eth yl ami no c arbonylmethyl 
*«thy tphosphinate respectively. 

A) Invention examples 

Example 1 

0 

20 Affi1 ' n o^t han f phosDhonic acid (HO) P-CH NH 

2 2 2 

Preparation of the starting compound/ sodium salt of 
monoethyl aminocarbonyUethytphosphonate 

0 

C 2 H 5 0-P-CH 2 -CONH 2 . 
ONa 

^ Diethyl aminoearbonylaethylpnosphon.te was obtained from tri- 
25 ethyl phosphite and c h l o r o a c e t a m i d e in the known manner by 
the Arbusov method. 



48.0 g (1.2 B0l) of sodi{jm hydPOx1de wepe ad<Jed to 
solution or 1 95 . 2 0 {1 BOl) ef d<#thyl no c . Pbeny t Be t hy t . 
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phosphonate in son _ i ^ 4 . . 

o 1n 500 " l of -bsotute ethanol cooled to 

-'5 C. The solution, which heated up to 65°C, W8S 

w,thout c °° i ^ »■» . The p, e(Pftmd 

156 , ( 8 ox, of the sod iu . ,. lt of . onoethyl . " 
<"°onyl„ethy lp hosphonat. were ofata<ned> 

b> Reaction according to the i nvention: 

<o " ■ ou ° f the ^ « — - 

w added 0nethylPh0$Bh ° nat< M °< 

-s .dded at roo, temperature to a hypochlorite solution 

Prepared at 0 C , ro . 67.2 g C.68 -o I , of sodiu* hy- 

«...«.« BOl>- , chleMne , nd 40Q Bi ; f wster> 

BO^Vt heat,nB " ?5 ° C <or 

tic hydr ° 0en Chl ° Mde ^-educed until satur- 

J reaChed : The —ion solution w., heated for 

V " Und ' r reflUX - «••""■ down to 10 °C 108 a 

of sodiu. chloride .ere filtered off. The filtrate was 
va d to dryness , ^ „, ^ ^ 

::~eV:;;/ nd • f — 13 °°< — 

-ethanol and 30 ml e f pyridine were added. 32 B 
— oo-eth.nephosphonic acid were obtained. 

Example 2 

9 

25 I^no,ethyl)- ?thytDho , Bh4 . 4 . »0.P.CH 2 »H 2 



1 5 



20 



CH 3 



^> Preparation of the starting 



compound sodium 



0 



CH 3 -P-CH 2 -C0NH 2 . 
ONa 



1261347 



10 



1 5 



O "-«"o«rb.„ y |„ thlfl> „ t J lDMiphon1e ac1d o 
-the usu.t manner irom d . ethyl methdnephosphonUe 
cn loroacetamide. 

Sodium C. n 1nccar b on ylB et hyl > methylDhospMnate obta 
5 re.ct,on with $ odi um hydroxide analogously to Exampie ^ 

b) Reaction according to the invention: 

A solution of 63.6 „ of sodiu. (aminocarbonylmethyt)inethyl- 
Phosph,nate in 50 ml of water w . $ adde<J r temperature 
to a hyoochtoMte sotution prepared as in K „. Bl . 

The temperature was >ept at 20 °C for 15 minutes and the 
neat,ng was carried out for 30 minutes .t 60°C . After 
^edification of the reaction sotution through the intro- 
dU ": 0n ° f hydr ° 9en eWorld., evaporation to dryness was 

"["I ° Ut ' 2 ° C " l ° f — 1 -r. .oded and the sodium 
chtor,de (, 12 g ) was fUtered off by vacuuB . 

24 ..f propylen< oxide were added ^ wethano( ^ 

80r of r C : P,tated Dr ° dUCt f<1 *— °" vacuum. 35 g 

<80X) of Cam^omethyDmethytphosphinic acid were obtained. 

Example 3 

20 T-^noet haoephosphorHc acid ? f H 3 

a) Preparation of the st.rMn C compound, sodium salt of 
"onoethyl 1- a m « n o c a r b o n y I e t h y I p h o s p h o n a t e 



0 CH, 
ii I 2 
C 2 H 5 0-P-CH-C0NH 2- 

OKa 

•Wthyl W-inocarbonytethytphosphonic .cid was obt.ined 
br . Procedure giver, in the titer.ture (J.Am. Che. Soc 
" 79. 1 9 63 „,„„ from triethyt pho . pMt- .„„ ethy ^ 
Propionate with subseauent .mmonoly,,, 



1 o 



1 5 
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17.6 g (0.44 «o I ) of sodium hydroxide were added to a 
solution of 83.7 g (0.4 mol) of diethyl 1-aminocarbonyl- 
ethylphosphonate in 150 ml of absolute ethanol. The solu- 
tion, which heated up to 3S°C, was boiled under reflux for 
one hour. After cooling down, the precipitated product 
C60.3 g equivalent to 74X yield) was filtered off and 
washed wi th ether. 

b) Reaction according to the invention: 

61 g (0.3 mol) of the sodium salt of monoethyl 1-amino- 
carbonylethylphosphonate were added at room temperature 
to a hypochlorite solution prepared at 0°C from 52.8 g 
(1.32 mol) of sodium hydroxide, 22 g (0.31 mol) of chlorine 
and 300 ml of water. After 15 minutes heating was carried 
out for 30 minutes at 70°C, cooling was carried out to 
20 C and acidification was carried out with concentrated 
hydrochloric acid. After evaporation to dryness, 80 ml of 
concentrated hydrochloric acid were added, the insoluble 
sodium chloride (94 g) was filtered off and the filtrate 
-as boiled for 2 h under reflux. The reaction solution was 
concentrated by evaporation and were added 100 ml of 
methanol and 25 ml of pyridine. 

33 g (88Z) of 1 -a m i no e t h a n ep ho s p h on i c acid were obtained. 
B) Comparative examples 
Comparative Examo I e 1 : 



25 E 



.Percent on the Hofmann degrada t ion of diethyl amino- 
carbonylmethylphosphonate 



(C 2 H 5 0) 2 P-CH p -C0NH 2 



78 g (0.4 mol) of diethyl a m i no c a r bony I me t h y I p h o s ph on. t e 
were added .Woom temperature to a hypochlorite solution 
30 prepared at 0 C from 67.2 g (1.68 mol) of sodium hy- 
droxide, 29.8 g (0.42 mol) of chlorine and 400 ml of water 
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The solution, which first heated up to 50°C without heat- 
ing, was heated for 30 Routes at 65°C and acidified with 
concentrated hydrochloric ocid after cooling down. After 
evaporation on a rotary evaporator 150 ml of concentrated 
hydrochloric acid were added, the common salt formed was 
filtered off, and the filtrate was heated for 2 hours under 
reflu,. After COffiplete evaporation 200 ml of methanol and 
30 ml of pyridine were added. A precipitation of the 
aminomethanephosphonic acid, which is insoluble under these 
conditions, was not observed. In addition only traces of 
aminomethanephosphonic acid could be detected in the thin- 
layer chromatogram. 

Comparative Example 2 : 

15 E>0tH " tnt ° n thf "«'"» n n degradation of ethyl 
carbony l m ethyl? methyl phosphinare 

P 

CH 3 -P-CH.>-C0NH- 



20 



In the reaction of 66 g (0.4 mol) of ethyt ( a mi no c a r bon y I 
»ethyl)„ethyt P hosphinate under conditions identical to the 
Comparative Example 1 it was not possible to detect any 
trace of (aminomethyl)methylphosphinic acid in the methanol 
solution obtained during working up. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 - Thc process for the preparation of o( -atlnoi Iky Iphos 

phonic and of c^-aoi noa Uy IphosphinU acids of the foraula 



0 R, 

R 2 -vO) n - P - CH - NH 2 CI) ' 
OH 



where n = 1 or 0, 

R * H, CH^ or CH -C H , and 

0 1 , 3 2 6 5 

« 2 = H (for n = 1) and also 

= alkyl or phenyl (for n = 0), 

wherein compounds of the formula II 

o n x 

R 3- (0) n - f - CH - C0NH 2 . 
0"" MP + / 

P 

where n and R ^ have the same weaning as In formula 1, 

R 3 = alkyl (for n * 1), alkyl or phenyl (for n = 
0), and 

p + 

M c Na + or K + , 
are subjected to a Hofuann degradation and the compounds 
of formula 1 are obtained . 

2. The process as claimed in claim 1, wherein those con- 

pounds of the formula II are used as starting compounds 
in which 

n = 1 or 0, 

* * H or CH , 

_ 3' 

3 " C 1* C S alky1 ' (for n 3 1 >' 

or C^-Cg alkvl (for n = 0) and, 

p + + + 

M F = Na or K . 
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3- The process as claimed in claim 1, wherein those 

compounds of the formula II are used as starting compounds, 
in which 

n = 1 or 0, 

R x = H or CH 3 , 

R 



3 88 C i"C 4 alkyl ( for n = l ) , 

or C x -C 4 alkyl (for n=0) and 



M P+ = Na + or K + . 

4 - The process as claimed in claim 1, wherein those 
compounds of the formula II are used as starting compounds, 

in which 

n = 1 or 0, 

R JL = H or CH r 
R 



3 = C 2 H 5 alk y l f for n=l), 

or C.-C alkyl (for n = 0) and 

p + + + 

M = Na or K . 

5 - The process as claimed in claim X 2 or 3, wherein the 
Hofmann degradation is carried out by reaction of the 
compounds II with chlorine or bromine/alkali hydroxide. 

6 - The process as claimed in claim 1, 2 or 3, wherein 
the Hofmann degradation is started at temperatures between 
about 10 and 20 °C and then completed at temperatures between 
about 50 and 90°C. 

7 * The process as claimed in claim 1, 2 or 3, wherein 

the Hofmann degradation is started at temperatures between 

about 10 and 20°C and then completed at temperatures between 
about 60 and 75°C. 
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8. The process as claimed 
halogen : alkali hydroxide : 
( 1 to 1.2) : about (4 to 6) 



in claim 1 , 2 or 3, wherein the 

compound II molar ratio is about 
: about 1 . 



